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(57) An embryo implant catheter assembly includes 
an outer guide cannula and an inner catiieter which is 
slidably disposed in the guide cannula. The inner cathe- 
ter is operable to engage an embryo to be implanted in 
a female's uterus. The embryo is disposed in a distal 
end of the catheter, which distal end is inserted into the 
uterus during the implant procedure. The catheter has a 
varying stiffness from the distal end to an opposite prox- 



imal end, the distal end being softer and the proximal 
end being more rigid. The result is a catheter that is 
non-abraisive at its distal end, and resistant to wobble at 
its proximal end. The catheter is produced by extruding 
mixtures of resins which have different durometers, and 
varying the percentage of the resins in the mixture along 
the length of the catheter. 
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Description 
TECHNICAL FIELD 

[0001 ] This invention relates to a catheter assembly 
which includes an outer guide cannula and an inner 
catheter which is slidably disposed in a bore in the guide 
cannula. The catheter assembly is particularly useful for 
safely depositing an embryo on the uterine wall of a 
female seeking to conceive. The catheter includes a soft 
distal end which carries the embryo, and a more rigid 
proximal end which allows controlled advancement of 
the catheter through the guide cannula once the guide 
cannula has penetrated the uterine cervix. This inven- 
tion also relates to a method of making the inner cathe- 
ter. 

BACKGROUND ART 

[0002] Catheters for use in penetrating various pas- 
sages in the human body for various procedures are 
well known in the prior art. Uses for such catheters 
include: penetrating cardiac blood vessels; penetrating 
cerebral blood vessels; and penetrating the uterus in 
embryo implant procedures, for example. Catheters 
used in the aforesaid procedures all include a distal end 
which penetrates the body passages, and a proximal 
end which remains outside of the body and is used to 
manually "steer" the distal end of the catheter through 
the body passages. The aforesaid catheters are typi- 
cally inserted into the body through the bore of a proxi- 
mal catheter guide cannula which penetrates the body. 
Once the guide cannula penetrates the body passage in 
question, the catheter is advanced into the body pas- 
sage through the guide cannula. 
[0003] In order to avoid damaging delicate body tis- 
sues, the distal tip of the catheter should be formed from 
a soft material. U.S. Patents Nos. 4,531 ,943, Van Tassel 
etal; 4,863,442, DeMello etal; 4,886,506, Lovgren etal; 
5,045,072, Castillo et al; 5,221,270, Parker; 5,234,416, 
Macaulay et al; 5,571,073, Castillo; 5,769,830, Parker; 
and 5,792,124, Horrigan et al all describe catheters that 
are provided with soft distal ends so as to avoid tissue 
damage when inserted into the body The prior art also 
recognizes the fact that while the distal end of the cath- 
eter should be soft, more proximal portions of the cath- 
eter should preferably be more rigid in order to facilitate 
pushing of the catheter into the body through the guide 
cannula. The aforesaid patents all disclose catheter 
structures which are provided with a soft distal tip and a 
more rigid proximal portion. In each case, the softer dis- 
tal tip portion of the catheter is a separate element 
which is attached to the stiffer proximal portion, and the 
stiffer proximal portion is typically reinforce with a stiff- 
ener, such as a braid or the like. The prior art catheters 
described in the above-identified patents are thus com- 
plex structures and require assembly. 
[0004] Another approach to the production of a soft 



distal tip catheter which has been proposed is a cathe- 
ter wherein both the distal and proximal portions of the 
catheter are formed from the same soft material. This 
type of catheter avoids the complexity of the aforesaid 

5 patented catheters and also avoids the need to assem- 
ble the distal and proximal catheter portions, however, 
this approach produces a catheter that is difficult to 
steer through the guide cannula due to the tendency of 
the proximal portion of the catheter to flex or wobble 

ro when the physician attempts to push the catheter into 
the subject's body through the guide cannula. This 
problem requires a second attendant, typically a nurse, 
to try to manually prevent the catheter from flexing as 
the physician advances the catheter into the body 

is [0005] The aforesaid problem of catheter flexure, or 
wobble, is particularly troublesome in the field of 
implanting of embryo into a female's womb. This prob- 
lem may be the result of the cervical constriction which 
is encountered by a physician during the implant proce- 

20 dure. When an embryo is implanted in a female's 
uterus, the guide cannula will be advanced into the os of 
the cervix. During insertion of the guide cannula, the 
embryo implant catheter will be retracted completely 
inside of the guide cannula so as to protect the embryo. 

25 Once the guide cannula is in position in the cervix os, 
the inner catheter, the distal tip of which holds the 
embryo to be implanted, is then advanced through the 
guide cannula and through the cervix and into the 
uterus. Thus, a catheter which is formed solely from a 

30 soft material will be difficult to insert into the womb due 
to the cervical constriction adjacent to the cervical os. 
[0006] It would be highly desirable to provide a 
catheter, particularly an embryo implant catheter, which 
has a soft distal tip and also has a stiffer proximal por- 

35 tion, which catheter does not require assembly, and is 
formed from a homogeneous material. 

DISCLOSURE OF THE INVENTION 

40 [0007] This invention relates to an improved cathe- 
ter assembly which is particularly useful in performing 
embryo implants in a female's uterus. This invention 
also relates to a method for forming the improved cath- 
eter assembly, and to an improved guide cannula for 

45 use in conjunction with the catheter assembly The cath- 
eter assembly of this invention includes a soft distal tip 
for supporting the embryo to be implanted in the womb, 
and a more rigid proximal portion which facilitates inser- 
tion of the distal tip and embryo into the womb through 

50 the cervix. The catheter assembly includes a hollow 
rigid proximal hub which is grasped by the physician 
during the implant procedure, and a hollow tubular 
member which has its proximal end attached to the hub, 
and has a distal end which supports the embryo. 

55 [0008] The distal end of the tubular member is soft, 
typically having a durometer of about 80 Shore A, and 
the proximal end of the tubular member is stiffer, typi- 
cally have a durometer in the range of about 55 to about 
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75 Shore D. The tubular member is formed from an 
extruded resin such as PVC or polyurethane. The prox- 
imal end of the tubular member resin is formed from a 
stiffer durometer grade of the resin, and the distal end of 
the tubular member is formed from a softer durometer 5 
grade of the resin. The transition from the softer durom- 
eter grade to the stiffer durometer grade of the resin can 
be accomplished during extrusion of the tubular mem- 
ber either linearly or step-wise. 

[0009] The extruder assembly will preferably 10 
include first and second resin hoppers, a first of which 
will contain the stiffer durometer grade resin, and a sec- 
ond of which will contain the softer durometer grade 
resin. The hoppers will be connected to a mixing cham- 
ber via feed valves so that the resins contained in the is 
hoppers can be selectively mixed in the mixing cham- 
ber, and the mixing chamber will be connected to an 
extrusion head. 

[001 0] At commencement of the extrusion process, 
only resin from one hopper, either the first or second, 20 
will be fed into the mixing chamber. After a controlled 
time period, resin from the other hopper will be fed into 
the mixing chamber along with resin from the first hop- 
per so that a mixture of the two resins will be produced 
in the mixing chamber. At the lime that the extrusion 25 
process is completed, only resin from the other hopper 
will be fed into Hie mixing chamber. If a gradual change 
from the soft to the hard resin is desired, the mixture of 
the two resins will be altered gradually. If a step-wise 
change from the soft to the hard resin is desired, the 30 
mixture of the two resins will be altered at predeter- 
mined time intervals during the extrusion step. Prefera- 
bly, the soft distal end of the catheter tube will be at least 
one centimeter long, and thereafter the catheter tube 
will become stiffer. Continuous extrusion of the tubular 35 
portion of the catheter assembly can proceed from stiff 
end to soft end, and then from soft end to stiff end, and 
so on. An extrusion process controller can be employed 
to control the mixing of the resins in the mixing chamber. 
[001 1 ] The guide cannula is preferably formed from 40 
co-extruded concentric selected resins, the inner of 
which resin is a low coefficient of friction, or "slippery" 
resin, such as nylon, for example; and the outer of which 
is a resin which has a higher coefficient of friction, and 
possesses memory so that the guide cannula can be 45 
easily grasped, and can be bent, and will retain its bent 
configuration. 

[0012] It is therefore an object of this invention to 
provide an improved embryo implant catheter which 
includes a soft distal end portion and a stiffer proximal so 
end portion which facilitates insertion of the catheter 
from a guide cannula through the cervix of an embryo 
implant candidate. 

[0013] It is another object of this invention to pro- 
vide an embryo implant catheter of the character ss 
described wherein the durometer of the soft distal tip of 
the catheter can be varied. 

[0014] It is a further object of this invention to pro- 



vide an embryo implant catheter of the character 
described wherein the tubular embryo transfer portion 
of the catheter is formed from a homogeneously 
extruded tubular member. 

[0015] It is another object of this invention to pro- 
vide an embryo implant catheter of the character 
described wherein the tubular embryo transfer portion 
of the catheter is formed from an extruded resin mixture 
having different durometers as measured from the distal 
end of the embryo transfer portion to the proximal end of 
the embryo transfer portion of the catheter. 
[0016] It is an additional object of this invention to 
provide a method for forming an embryo implant cathe- 
ter of the character described. 
[0017] It is yet another object of this invention to 
provide an embryo implant catheter assembly which 
includes a guide cannula having an inner component 
formed from a low friction resin material, and an outer 
jacket which is formed from a higher friction resin mate- 
rial having deflection memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[P018] These and other objects and advantages of 
the invention will become more readily apparent from 
the following detailed description of several embodi- 
ments of the invention when taken in conjunction with 
the accompanying drawings in which: 

FIG. 1 is a schematic view of a resin extrusion 
assembly which can be utilized to extrude a cathe- 
ter tube member formed in accordance with this 
invention; 

FIG. 2 is a side elevational view of a catheter 
assembly formed in accordance with this invention; 

FIG. 3 is an exploded view of tlie catheter assembly 
and guide cannula assembly formed in accadance 

with this invention; 

FIG. 4 is a side elevational view of the catheter 
assembly and guide cannula assembly with the 
catheter assembly partially retracted into tfie guide 
cannula; 

FIG. 5 is a side elevational view of the catheter 
assembly fully inserted into the guide cannula 

assembly; 

FIG. 6 is a cross-sectional view of the guide can- 
nula showing the inner and outer components 
thereof; and 

FIG. 7 is a schematic view showing how the cathe- 
ter and guide cannula assembly is used to implant 
an embryo in the womb of a female being treated 
with the assembly. 
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DETAILED DESCRIPTION OF SPECIFIC EMBODI- 
MENTS OF THE INVENTION 

[0019] Referring now to the drawings, FIG. 1 is a 
schematic representation of a catheter extruding 
assemblage, denoted generally by the numeral 2, which 
can be used to produce the catheter tube portion of the 
catheter assembly of this invention. The extruding 
assemblage 2 includes a plurality of resin storage hop- 
pers 4 and 6 that contain the resins that are to be 
extruded to form the catheter tube. It will be understood 
that one of the hoppers 2 or 4 contains the stiffest 
durometer resin component of the catheter tube, and 
the other of the hoppers contains the softest durometer 
resin component of the catheter tube. The resins in the 
hoppers 2 and 4 are preferably the same resin, i.,e., 
polyurethane, PVC, or the like, but the resins in the hop- 
pers 2 and 4 are of different durometers. Preferably, the 
resin in the higher durometer hopper, say for example 
hopper 2 will have the durometer of the stiffer proximal 
end of the catheter tube, and the resin in the lower 
durometer hopper, which would be hopper 4, will have 
the durometer of the softer distal end of the catheter 
tube. A resin extrusion assembly such as that shown in 
U.S. Patent No. 4,888,146 granted December 19, 1989 
to J. V. Dandeneau can be used to form a catheter tube 
utilizing the precepts of this invention. The resins are 
selectively fed through passages 8 and 10 to a mixing 
chamber 12. Valves 14 and 16 control the respective 
percentages of the two resins in the mixing chamber 12. 
The resin mixture is fed from the mixing chamber 12 to 
an extrusion head 18 from whence the tubular product 
20 is extruded. The tubular product has a durometer 
that varies from one end of the product to the other. The 
finished product has one end which is soft, with a 
durometer of about 80 on the Shore A scale, and an 
opposite end which is harder, with a durometer in the 
range of about 55 to about 75 on the Shore D scale. The 
change from the softer durometer to the harder durom- 
eter can take place in one or more distinct steps along 
the length of the product 20, or it can take place gradu- 
ally along the length of the product 20. The extrusion of 
the product 20 begins by feeding resin from only one of 
the hoppers 4 or 6 into the mixing chamber 12 and 
thence into the extrusion head 18. The emerging end of 
the product 20 will thus have either the stiffer durometer 
or the softer durometer, as desired. Once a sufficient 
length of the initial durometer has been extruded, mix- 
ing of the two resins can commence in the mixing cham- 
ber 12 so that the durometer of subsequent portions of 
the product 20 will change. The durometer of the 
extruded product thus changes from one extreme to the 
other, back and forth as the extrusion continues. The 
final catheter tubes are then cut from the extruded prod- 
uct 20 at appropriate locations which will produce the 
desired result. 

[0020] FIG. 2 illustrates a catheter component of an 
embryo implant catheter assembly which is formed in 



accordance with this invention. The catheter component 
is denoted generally by the numeral 22, and includes a 
hollow hub 24 which is secured to a hollow tubular 
member 26 that is formed from the extruded product 20 

5 described above. The end 28 of the tubular member 26 
is termed the "distal end", and the end 30 of the tubular 
member 30 which is connected to the hub 24 is termed 
the "proximal end" of the component 22. The distal end 
28 of the member 26 is the end which is formed with the 

10 softest durometer resin, and the proximal end 30 of the 
member 26 is the end which is formed from the stiffest 
durometer resin. FIG. 2 illustrates in phantom lines the 
manner in which the varying durometer portions of the 
member 26 affect the flexure of the member 26. There 

15 is a proximal portion A of the member which is formed 
from the stiffer durometer resin which maintains a recti- 
linear configuration that is coaxial with the hub 24 of the 
component 22. The portion A is followed by a distal por- 
tion B which flexes progressively due to the softer 

20 nature of the resin which forms the portion B. The softer 
portion B includes a distal terminal portion C which is 
formed from the softest resin, and thus is the most flex- 
ible portion of the member 26. 
[0021 ] FIG. 3 is an exploded view of the component 

25 22 of FIG. 2 and a guide cannula denoted generally by 
the numeral 32 which forms a second part of the cathe- 
ter assembly of this invention. The guide cannula 32 
includes a tubular proximal hub 34 and a tubular guide 
member 36 which is attached to the hub 34. 

30 [0022] FIGS. 4 and 5 show how the catheter com- 
ponent 22 and the guide cannula interact during use of 
the assembly to implant an embryo in a subject's womb. 
The embryo E to be implanted is seated in the distal end 
28 of the member 26 and the catheter component 22 is 

35 then inserted into the guide cannula 32. During the step 
of insertion of the implant assembly into the implant- 
recipient, the catheter component 22 is retracted into 
the guide cannula 32 as shown to an extent which 
causes the guide cannula 32 to shield the embryo E and 

40 the distal end 28 of the catheter component 22, as 
shown in FIG. 4. The proximal portion PP of the mem- 
b& 26 which projects beyond the cannula hub 34 must 
be formed from the stiffest durometer resin so as to 
eliminate the likelihood of wobbling of the portion PP of 

45 the member 26 when the member 26 is advanced into 
the guide cannula 32 by the physician during the 
embryo implant procedure. Wobbling of the remainder 
of the member 26 during the implant procedure is 
resisted or prevented by the guide cannula 32. In cer- 

50 tain cases, the member 26 may be inserted into the 
uterus without the use of a guide cannula 32. 
[0023] FIG. 5 shows the relative positions of the 
catheter component 22 and the guide cannula 32 at ttie 
time the embryo implant is being performed. In order to 

55 peribrm the implant, the catheter component 22 is 
advanced into the guide cannula 32 after the latter has 
been inserted to the proper extent into the implant recip- 
ient's reproductive organs. Advancement of the catheter 
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component 22 causes a distal portion DP of the mem- 
ber 26 to emerge from the confines of the guide cannula 
32 so that the embryo E is advanced further into the 
recipient past the cannula 32 whereupon the embryo E 
can be implanted on the uterine wall. The protruding 5 
distal portion DP of the member 26 is preferably formed 
from the softest resin so as to possess the most flexible 
durometer whereby tissue damage during the implant 
procedure is minimized. Thus, the proximal portion PP 
of the catheter member 26 is preferably formed exclu- w 
sively from a resin having a durometer in the range of 
about 55 to about 75 Shore D, and the distal portion DP 
of the catheter member 26 is preferably formed exclu- 
sively from a resin having a durometer of about 80 
Shore A. The remainder of the catheter member 26, 15 
which resides within the guide cannula 32 during the 
implant procedure, can be formed from resin mixtures 
which have a durometer which lies between the 55 to 
about 75 Shore D value to the 80 Shore A value. 
[0024] Fig. 6 is a cross sectional view of the guide 20 
cannula 32 showing details of the construction of the 
cannula 32. The cannula 32 is preferably formed from a 
co-extruded composite of an outer resin layer 36 such 
as polyethylene which possesses memory so that it can 
be bent in a manner desired by the physician and it will 25 
retain the bend. The inner resin layer 38 is formed from 
a slippery resin such as nylon which facilitates move- 
ment of the catheter member 26 through the cannula 
32. The cannula 32 can thus be bent to a configuration 
which allows lateral insertion of the catheter assembly 30 
22 into a body cavity, and also allows the use of a rela- 
tively sticky or tacky resin for forming the catheter mem- 
ber 26. 

[0025] FIG. 7 is a schematic view which illustrates 
in principal how the assembly of this invention is used to 35 
implant an embryo E in the uterus 40 of an implant 
recipient. The embryo E is placed on the distal tip 28 of 
the catheter member 26 and the embryo E is then 
retracted back into the guide cannula 32 so that the 
embryo E is shielded by the guide cannula 32. The con- 40 
dition of the assembly is thus as shown in FIG. 4. The 
guide cannula 32 is then advanced into the cervical os 
42 until it comes into contact which the cervix 44. The 
catheter member 26 is then moved forward through the 
guide cannula 32 so as to push the distal end 28 and the 45 
embryo E through the cervix 44 and into the uterus 40. 
The catheter member 26 is advanced through the 
uterus 40 until the distal tip 28 of the catheter member 
26 contacts the inner uterine wall 46. At this point, a 
syringe 48 which is connected to the catheter member so 
hub 24 is actuated so as to dislodge the embryo E from 
the catheter member distal tip 28 and implant the 
embryo E on the uterine wall 46. It will be appreciated 
that the soft distal portion DP of the catheter member 26 
is sufficiently flexible when extended from the guide ss 
cannula 32 to provide a very gentle engagement with 
the uterine wall 46 so not to damage the latter during 
the implant procedure. At the same time, the proximal 



portion PP of the catheter is sufficiently rigid when the 
guide cannula 32 contacts the cervix 44 to advance the 
distal end 28 of the catheter 26 through the cervical 
opening by advancing the catheter hub 24 toward the 
guide cannula hub 34. By controlling the durometer of 
the catheter 26 from proximal end to distal end, the 
desired stiffness is obtained where it is needed and the 
desired softness is obtained where it is needed. The 
catheter portions DP and PP should be at least about 
five centimeters in length for an assembly which is used 
for human embryo implants. 

[0026] It will be readily appreciated that an 
improved catheter assembly will be provided by control- 
ling the durometer of the catheter tube at key locations, 
which are a predetermined proximal portion of the cath- 
eter tube, and a predetermined distal portion of the 
catheter tube. The improved catheter assembly is 
obtained without the need to assemble separate cathe- 
ter tube components, or to structurally reinforce any por- 
tions of the catheter tube. The assembly is easy to use 
by one person and does not require assistance in the 
final implanting operation of the procedure. 
[P027] Since many changes and variations of the 
disclosed embodiment of the invention may be made 
without departing from the inventive concept, it is not 
intended to limit the invention except as required by the 
appended claims. 

Claims 

1 . An embryo implant catheter assembly comprising a 
catheter having a soft distal tip end portion for 
receiving an embryo to be implanted in a female's 
uterus, and a stiffer proximal end portion for manual 
manipulation during an embryo implanting proce- 
dure, said catheter being formed from a mixture of 
at least two different extruded resins which have dif- 
ferent Shore durometers. 

2. The catheter assembly of Claim 1 wherein the 
Shore durometer of said catheter increases gradu- 
ally from said distal tip end portion to said proximal 
end portion. 

3. The catheter assembly of Claim 1 or 2 wherein said 
distal tip end portion of said catheter has a durom- 
eter of about 80 shore A, and said proximal end 
portion of said catheter has a durometer in the 
range of about 55 to about 75 Shore D. 

4. The catheter assembly of any one of claims 1 to 3 
wherein said catheter includes a medical portion 
having a durometer which varies between about 80 
Shore A to about 55 to about 75 Shore D. 

5. The catheter assembly of any one of claims 1 to 4 
wherein the Shore durometer of said catheter 
increases stepwise from said distal tip end portion 
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to said proximal end portion. 

6. The catheter assembly of any one of daims 1 to 5 
wherein said catheter distal tip end portion is at 
least about five centimeters in length. s 

7. The catheter assembly of any one of claims 1 to 6 
wherein said catheter proximal end portion is at 
least about five centimeters in length. 

10 

8. An embryo implant catheter assembly comprising: 

a) a catheter having a soft distal tip end portion 
for receiving an embryo to be implanted in a 
female's uterus, and a stiffer proximal end por- is 
tion for manual manipulation during an embryo 
implanting procedure, said catheter being 
formed from a mixture of at least two different 
extruded resins which have different Shore 
durometers; and 20 

b) a guide cannula into which said catheter is 
inserted, said guide cannula being shorter in 
length than said catheter whereby said distal 
end of said catheter can project beyond a distal 
end of said guide cannula during an embryo 25 
implant procedure. 

9. The catheter assembly of Claim 8 wherein said 
guide cannula is an extruded resinous member 
which has an outer resin component that pos- 30 
sesses memory and also has an inner slippery 
resin component that contacts said catheter. 

10. The catheter assembly of claim 8 or 9 wherein said 
outer component is polyethylene and said inner as 
component is nylon. 

11. A method for forming an embryo implant catheter, 
said method comprising: 

40 

a) the step of providing at least first and second 
separate sources of extrudable resins, which 
resins have different Shore durometers; 

b) the step of providing an extrusion head for 
extruding resins from said sources of resins; 45 

c) the step of selectively mixing resins from 
said sources so as to provide an intermediate 
varying durometer supply of mixed resins from 
said sources thereof; and 

d) the step of extruding resins from said inter- so 
mediate supply thereof so as to produce a 
catheter which has a stiffer durometer at one 
end, and a softer durometer at an opposite 
end. 
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